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本学位论文研究首先通过 PCR 筛选，从 327 株分离自陆地土壤、海滩土样、
潮间带泥沙、红树林土样的放线菌以及分离自药用植物的内生放线菌中筛选得到
19 株具有安莎产生潜能的放线菌，即安莎生物合成中特异的 AHBA 合酶基因阳
性菌株。然后根据阳性菌株来源的不同和系统发育的差异，选择 Micromonospora 
sp. FXY120、Streptomyces sp. LC6、Streptomyces sp. XZQH-13、Streptomyces sp. 
XZYN-4 和 Streptomyces sp. W112 等 5 株进行 Fosmid 基因组文库的构建；通过
以 AHBA 合酶基因为探针的 Southern 杂交和步移筛选，高通量测序从每个基因
组文库分别各得到一个安莎合成基因簇；运用生物信息学手段进行了开放阅读框
的鉴定、功能推断，序列分析表明从 Streptomyces sp. LC6 菌株中获得了一条约
73.8 kb 的安莎合成基因簇，包括聚酮合成酶基因、酰胺合酶基因、AHBA 合成
相关基因和部分调节基因及后修饰基因，另外得到 4 个不完整的安莎合成基因
簇。 后，对这 5 株 AHBA 合酶基因阳性菌株在 SYP 培养基中进行了小体积发
酵，AHBA 合酶的 Western Blot 检测结果显示，除了 Streptomyces sp. LC6 菌株外，
其余 4 株菌的 AHBA 合酶基因在 SYP 培养基中都有明显表达。 
本论文研究结果表明特殊生境放线菌是安莎类抗生素的重要来源，而基于





















As the terrestrial actinomycetes have been fully investigated and exploited, they 
can’t provide enough new lead compunds for pharmaceutical industry. Thus, many 
scientists have turned their focus to actinomycetes of non-soil origin, including 
extreme environment, marine and plant endophytic and associated actinomycetes. 
Ansamycins is a family of type I polyketide macrolactams，which often possess strong 
antimicrobial, antifungal, anticancer and/or antiviral activities. Most members of this 
family were isolated from actinomycetes. It is suggested that ansamycins may be rich 
in actinomycetes from not fully explored habitats such as marine, mangrove and plant 
endophytes. 
Firstly, this work found 19 potential ansamycin-producing strains by PCR 
screening of the AHBA synthase gene from 327 Actinomycete strains isolated from 
beach soil, intertidal sand, mangrove soil and plants. Secondly, we choose five stains 
Micromonospora sp. FXY120、Streptomyces sp. LC6、S. sp. XZQH-13、S. sp. 
XZYN-4 and S. sp. W112 to construct their genomic fosmid libraries, respectively, 
according to the their difference in origins and in the positions of phylogenetic tree 
constructed on the basis of AHBA synthase genes. We got one ansamycin biosynthetic 
gene cluster from each of these five libraries, respectively, by Southern hybridization 
using AHBA synthase gene as a probe walking screening, and sequencing of the 
positive fosmids with the high-throughput method. Then we identified the ORFs in 
the sequences and deduced their functions by bioinformatic methods. The results 
showed that a complete ansamycin biosynthetic gene cluster was cloned from strain 
LC6, with 73.8 kb length and containing three full type I PKS genes, eight genes 
involved in the AHBA synthesis, one amide synthase gene and some regulatory and 
post-PKS modification genes. We also got four partial ansamycin biosynthetic gene 
clusters from other four strains. 
Finally, we fermentated these five strains in small volumes of SYP 
medium.Western Blot detections showed that four strains except for S. sp.LC6 















The results of this dissertation showed that actinomycetes of specific habitats are 
important sources of ansamycins. PCR screening based on AHBA synthase gene is an 
efficient approach to searching for potential ansamycin-producing strains, which is an 
effective approach to mining novel ansamycins for drug lead discovery. 
 

















ACP: Acyl Carrier Protein 
aDHQ: 5-deoxy-5-amino-3-dehydroquinic acid 
aDHS: 5-deoxy-5-amino-3-dehydroshikimic acid 
AHBA: 3-amino-5-hydroxybenzoic acid 
aminoDAHP: 4-amino-5,6-dihydroxy-2-oxo-7-phosphonooxy-heptanoic acid 
Anti-DIG-AP: Anti-digoxigenin-alkaline phosphatase 
AT: acyltransferase 
ATCC: American Type Culture Collection 
BCIP: 5-Bromo-4-chloro-3-indolyl phosphate 
BLAST: Basic Local Alignment Search Tool 
BSA: Bovine serum albumin 
CTAB: Cetyltrimethyl Ammonium Bromide 
DAHP: 3-Deoxy-D-arabino-heptulosonic acid 7-phosphate 
DH: β-hydroxyacyl-thioester dehydratase 
DIG Digoxigenin 
DTT: Dithiothreitol 
EDTA: Ethylene Diamine Tetra Acetic Acid 
GDM: Geldanamycin 
IPTG: Isopropyl β- D -1-thiogalactopyranoside 
KR: β-ketoacyl-ACP reductase 
KS: β-ketoacyl-ACP synthase 
MIC: Minimal Inhibitory Concentration 
NBT: Nitro blue tetrazolium 
NJ: Neighbor Joining 
NRPS: nonribosomal peptide synthetase 
OD: Optical Density 
ORF: Open Reading Frame 
PAGE: Polyacrylamide gel electrophorisis 
PBS: Phosphate Buffered Saline 
PCR: Polymerase Chain Reaction 
PDB: Phage Dilution Buffer 
PKS: polyketide synthase 
SDS: Sodium Dodecyl Sulfate 
SSC: Standard Saline Citrate 
Tris：Tris[hydroxymethyl]amino-methane 
17-AAG: 17-allylamino-17-desmethoxygeldanamycin 
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这 13个类群分别属于放线菌目的 6个科。MAR-3、 4和 8属于链霉菌科
(Streptomycetaceae)，MAR-5、6和10属于高温单孢菌科 (Thermomonosporaceae)，








































































































属 (Kineosporia)、草孢菌属 (Herbidospora)和动多孢菌属 (Planpolyspora)等[24]。
从一些植物中还分离到拟无枝菌酸菌属  (Amycolatopsis)、假诺卡氏菌属 
(Pseudonocardia)、微杆菌属 (Microbacterium)、糖霉菌属 (Glycomyces)、马杜拉
菌属 (Actinomadura)、红球菌属 (Rhodococcus)、黄球菌属 (Luteococcus)、小月
菌属 (Microlunatus)、两面神菌属 (Janibacter)、迪茨氏菌属 (Dietzia)、原小单孢
菌属 (Promicromonospora)、微球菌属 (Micrococcus)、节杆菌属 (Arthrobacter)、












2000年 , Strobel研究小组在澳大利亚北部的药用植物蛇藤  (Kennedia- 






抑菌活性, 对炭疽芽孢杆菌具有抑杀活性, 其生物活性比棘霉素高[29]。 
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